A rare midfoot injury pattern of navicularcuneiform and calcaneal-cuboid fracturedislocation is presented with two typical cases and a systematic review of the literature. This injury usually occurs as a result of high-energy crushing trauma and most often causes plantarly directed dislocation of the midfoot. Initial diagnosis includes a thorough physical examination and adequate radiological imaging, comprising anteroposterior, oblique and lateral X-radiography and computed tomography with threedimensional reconstruction. Care should be taken to determine any injury to adjacent midfoot joints, in particular the Lisfranc joint. Intrasurgical protection of soft tissue is essential. Open reduction using two parallel incisions with minifragment plate fixation is recommended in more comminuted injuries. The navicular-cuneiform and calcaneal-cuboid joints play important roles in maintaining the arch of the foot and in weight-bearing during locomotion. Without proper therapy in the immediate post-traumatic phase, the long-term results are generally unsatisfactory.
Introduction
Fracture and dislocation of the midfoot are uncommon because of the highly constrained configuration of the midfoot bones, which are secured by extensive ligaments. Severe and high-energy traumatic injury patterns usually involve multiple anatomical structures, complicating treatment. 1, 2 Fracturedislocations of the Chopart and Lisfranc joints are the most common midfoot injuries. 3 This report presents two cases of a rare midfoot injury pattern (navicular-cuneiform and calcaneal-cuboid fracture-dislocation) and discusses the mechanism of injury, diagnosis and therapy, based on our experience and a review of the literature.
Case reports CASE 1
A 62-year-old man presented at the Department of Orthopaedics, First Affiliated Hospital of Soochow University, Suzhou, China in April 2011, 4 days after sustaining a crush injury to his left foot that was caused by a car. The patient was unable to walk; physical examination revealed severe diffuse swelling and marked tenderness over the midfoot. X-radiography and computed 1) . Open reduction and internal fixation were performed when soft tissue injury had subsided. A five-hole T-plate with four cortical screws transfixed the navicular and medial cuneiform joint, and a five-hole L-plate with four cortical screws transfixed the calcaneus and cuboid joint ( Fig. 2) . A below-knee cast was applied to immobilize the foot in the neutral position for 6 weeks, after which mobilization of the foot and ankle was permitted. The patient began progressive weight-bearing exercises 3 months postoperatively. At the final examination 6 months after surgery, postoperative alignment of the fracture was preserved and the patient was able to undertake his usual daily activities without pain.
CASE 2
A 59-year-old woman presented at the Emergency Department of Suzhou Municipal Hospital, Suzhou, China, in July 2011, immediately after sustaining an injury to her left foot in a car accident. The patient was in pain and unable to walk. Physical examination revealed moderate swelling, palpable deformity and marked tenderness over the midfoot. X-radiography and CT examinations revealed left navicular, medial cuneiform and calcaneal fractures with calcaneal-cuboid, navicular-cuneiform and first tarsometatarsal joint dislocations ( Fig. 3) . Open reduction and internal fixation was carried out with screws and a plate as an emergency procedure at Suzhou Municipal Hospital, but the calcaneal-cuboid joint failed to stabilize (Fig. 4 ). The patient continued to complain of midfoot pain 3 months after surgery and found it hard to walk a long distance. At this point, she attended the First Affiliated Hospital of Soochow University, Suzhou, China, for specialist care. Clinical examination revealed obvious tenderness at the calcaneal-cuboid joint.
Discussion

LITERATURE SEARCH STRATEGY
A systematic review of the literature was 
MIDFOOT ANATOMY AND FUNCTION
The distal articulation of the oval navicular bone with the three cuneiform bones comprises three facets with a common synovial capsule. There is minimal motion at these joints. In conjunction with static stabilization of the interosseous ligaments and peripheral tendons, the navicular-cuneiform joint provides stability for the transverse arch and the medial longitudinal column. 4 On the lateral side, the calcaneal-cuboid articulation is a very stable arthrodial joint due to the firm ligamentous attachments to adjacent bones, close relationship to the peroneus longus and brevis tendons, rigid fibrous capsule and saddle-shaped joint surface; it is important in maintaining the integrity of the transverse arch and lateral column. 5 These two joints have an important role in weight-bearing during locomotion, due to their strategic location in the arch of the foot. 6,7 Anatomical reduction and adequate internal fixation of the two joints after injury are, therefore, particularly important.
MECHANISM OF INJURY
Injuries to the navicular-cuneiform and calcaneal-cuboid complex are usually caused by high-energy trauma; they occur most often as the result of a direct crush to the dorsum of the midfoot during a motor vehicle accident. The plantarly-directed forces on the midfoot predispose to dislocate the midfoot in a plantar direction relative to the hindfoot, sometimes combining with divergent disruption. 8, 9 This type of injury is always both osseous and ligamentous, involves both columns and is associated with notable soft tissue trauma. Pure dislocations without fractures are very rare. Due to the close proximity of the articulation to other midfoot joints, an associated occult midfoot injury involving the Lisfranc or talonavicular joints or a tendon injury may occur. 3, 10 DIAGNOSIS A history and physical examination are the first steps in diagnosis: swelling, ecchymosis and tenderness throughout the midfoot The signs and symptoms of compartment syndrome should be monitored, because these injuries are often the result of a highenergy trauma that causes considerable swelling. 3, 11 Radiological evaluation is crucial for accurate diagnosis. Anteroposterior, oblique and lateral views of the foot should be obtained initially. Further imaging analyses such as CT (with three-dimensional reconstruction) or magnetic resonance imaging should be used for confirming the diagnosis and planning the surgical strategy. Fractures that are not readily apparent on Xradiography are often identified by CT. 5, 12 Concurrent Lisfranc injury is common and should be identified. Either a 'fleck sign' or a 'gap sign' (diastasis > 2 mm between the first and second metatarsal bases) should be assessed carefully to rule out occult instability of the Lisfranc joint. 13 -16 Early and accurate diagnosis is a prerequisite for the appropriate management of these injuries in order to avoid longterm sequelae and functional impairment.
TREATMENT
There is a lack of consensus in the literature regarding the treatment of this midfoot injury. Although there is agreement that some form of reduction is necessary, 1 recommendations for stabilization vary. Navicular-cuneiform and calcaneal-cuboid dislocation has been variously treated with K-wires, 17 closed manipulation under fluoroscopy 8 and open reduction followed by staples for stabilization. 6 In our opinion, injuries with displacement should be treated surgically to avoid post-traumatic arthritis or further displacement. Closed reduction and immobilization are recommended to regain gross alignment if there is gross dislocation in the joint complex at the time of injury, but this is often inefficient and alignment is lost when soft tissue swelling subsides. Definitive management should be delayed until the soft tissue swelling has resolved, typically after about 1 week. 10, 14 Simple injury patterns with no comminution can be treated with lag screw fixation. High-energy crushing forces commonly produce perplexing combinations of osseous, ligamentous and articular disruption; these may not be stabilized with screw osteosynthesis. 3 We, therefore, prefer open reduction with direct plate fixation in more comminuted injuries. Open reduction allows repair of ligmentous structures, meticulous articular reconstruction and restoration of the length and alignment of the columns. 12, 18 A plate provides adequate stabilization that is not easily broken by weight bearing and avoids iatrogenic chondral surface violation. The ability to place more screws allows better control of small fracture fragments. 19, 20 These may improve the stability of the joint, which is critical to normal foot biomechanics.
The surgical approach should allow for direct visualization of the two joint surfaces and provide more options for the placement of fixation. Soft tissue perfusion and venous drainage should also be taken into account. The use of two simultaneous approaches is optimal: the straight dorsomedial approach and the straight lateral approach (Fig. 5) .
The dorsomedial approach starts proximally at the navicular and medial to the extensor hallucis longus tendon, continuing laterally to the tibialis anterior insertion at the medial cuneiform, in line with the lateral aspect of the first ray. This process can be extended to the tarsometatarsal and talonavicular joints if needed. The incision is carried carefully through the subcutaneous tissue, preserving the branches of the superficial peroneal Y Cheng, H Yang, Z Sun et al. Rare midfoot injury: case reports and literature review nerve. The dorsal neurovascular bundle, tibialis anterior and extensor hallucis longus tendons are identified and protected. The navicular-cuneiform joint is visualized through arthrotomies made vertically to avoid soft tissue stripping and to maintain vascularity to the navicular. 19, 21 For maintenance of the overall medial column alignment and length, a minifragment plate can be contoured from the navicular to the medial cuneiform bones under the dorsal soft tissues. In cases combined with Lisfranc joint injuries, bridge plating can alternatively be positioned over the medial aspect of the medial column and extended from the base of the metatarsal to the navicular. Screws into the medial cuneiform should extend into the middle cuneiform as well as into the base of the second metatarsal bone, to gain higher intrinsic stability.
The lateral approach extends from the peroneus brevis insertion to the calcaneus. This approach requires careful dissection of the soft tissues and protection of the sural nerve; it also implies a retraction of the peroneus longus and brevis tendons, and proximal detachment of the short extensor of the toes. 22 -24 The entire calcaneal-cuboid joint is visualized and a minifragment plate is placed over the lateral aspect of the lateral column. Priority is given to the anatomical reconstruction of the navicular-cuneiform joint. The medial column is important in maintaining the arch of the foot, and the stronger ligaments of the navicularcuneiform joint allow less freedom of movement than the calcaneal-cuboid joint. After reconstruction of the medial navicularcuneiform joint, the calcaneal-cuboid joint may be automatically reduced. 25 Finally, primary arthrodesis can be performed in severely comminuted and destroyed fracture dislocations, as a salvage therapy.
Postoperative management varies according to the severity of the injury. In general, range-of-motion exercises are initiated at 6 weeks postoperatively after removal of immobilization. Weight-bearing exercises are gradually introduced 3 months after surgery, according to the clinical and radiographic assessment of healing. 18 Hardware removal is recommended. 19, 21 The treatment principles for this injury may include the following: (i) soft tissue stabilization (primary goal); (ii) maintenance of appropriate lateral and medial column (v) late weight-bearing (which may decrease the incidence of complications). 1, 12, 21, 26 
COMPLICATIONS
Midfoot injury involving navicular-cuneiform and calcaneal-cuboid fracture-dislocation can result in a global shortening and collapse of the midfoot through both the medial and lateral columns and lead to persistent instability, deformity or arthritis, especially where there is a delay in the diagnosis and treatment. 27, 28 Avascular necrosis or nonunion can occur, because of excessive soft tissue stripping at the time of fixation. 19, 29, 30 Early anatomical reduction and stable fixation can decrease the occurrence of post-traumatic arthritis and the need for salvage arthrodesis, and improve the clinical results.
CONCLUSION
The relatively uncommon type of midfoot injury described in this paper has been presented primarily in case reports in the literature. 8, 17 It usually occurs as a result of high-energy crushing trauma in combination with injuries of the Lisfranc joint. Lack of knowledge of the abnormality seems to be the main factor for misdiagnosis. Initial diagnosis, therefore, depends on thorough clinical examination and on radiological imaging, including standard anteroposterior, lateral and oblique X-radiographs, and CT scans with three-dimensional reconstruction. The quality of the initial surgical reduction is the primary determinant of improved function. Open reduction, using two parallel incisions in the dorsum of the foot and plate application across the longitudinal arch, seems to be a reliable method of management for such injuries. This type of midfoot injury is severe and particularly likely to cause debilitating conditions; post-traumatic arthritis will occur in some cases, even with the best reconstructive efforts. 19 More cases of navicular-cuneiform and calcaneal-cuboid dislocation-fracture must be studied before the clinical implications of this type of midfoot injury become clear.
